Background and objectives: The administration of antifibrinolytics has been shown to be effective in reducing blood loss and the need for transfusions in surgeries. However, few studies have evaluated these drugs in cancer surgery. The objective was to review the efficacy and safety of the treatment with antifibrinolytics in patients who underwent oncologic surgeries. Contents: An electronic bibliographic research was conducted in PubMed, OVID, MEDLINE, EMBASE, EBSCO and in the Cochrane Library data basis in order to identify randomized clinical trials performed in any type of oncologic surgery. The data evaluated were blood loss, need for transfusion and incidence of arteriovenous thromboembolism. Five randomized controlled trials evaluating 838 patients met the inclusion requirements. In the analysis of the incidence of thromboembolic events in the five RCTs, there was no statistically significant difference between the administration of tranexamic acid when compared with the placebo (OR = 0.36, 95% IC: 0.11---1.19, p = 0.09, I 2 = 0%). However, when total estimated blood loss and need for blood transfusion are analyzed, the use of tranexamic acid was associated with a significant reduction over placebo (MD = −135.79, 95% CI: −179.50 to −92.08, p < 0.00001, I 2 = 68%) and (OR = 0.45, 95% CI: 0.32---0.65, p < 0.00001, I 2 = 60%), respectively.
Introduction
The presence of anemia secondary to bleeding, to the malignancy or to chemotherapy is often seen in cancer patients, and it may increase the need for transfusion of blood products during surgery, mainly due to changes in the coagulation and fibrinolytic system. However, to correct blood loss and hemorrhagic shock, these patients are routinely submitted to transfusion of blood products, which, as it was already well documented in the literature, are not exempt from complications such as the increase of the transmission rate of infectious diseases, increased and potentially lifethreatening immune response, increased acute lung injury and postoperative infections. 1, 2 In addition, some studies have reported an independent association between blood transfusion and increased risk of cancer recurrence. 3, 4 Authors have argued that cancer cells act by increasing fibrinolytic activity with the expression on their cell surface of the tissue plasminogen activator, of the urokinase type plasminogen activator and inhibitor of plasminogen activator Type 1. 5 In this regard, since bleeding during oncological surgeries may be severe, antifibrinolytics, especially tranexamic acid (TXA), administered in the perioperative period have been shown to be effective in reducing blood loss and the need for allogeneic blood transfusion in cardiac, 6 urological 7---9 and orthopedic 10, 11 surgeries as well as in liver transplants. 12 In a systematic review with more than 10,000 patients undergoing different types of surgeries, it was suggested that TXA administration was able to reduce the need for blood transfusion in 38%. 13 The only commonly used antifibrinolytics are TXA and Epsilon-Aminocaproic Acid (EACA). Aprotinin has been used as a blood-sparing agent in surgeries, but due to evidence of an increased risk of cardiovascular complications and mortality, its use is currently quite restricted. 14 TXA is a synthetic derivative of the lysine amino acid that exerts its antifibrinolytic effects through the reversible blockade of the lysine binding site in the plasminogen molecule, it is 6---10 times more powerful than EACA and has a longer half-life. EACA, however, combines itself with plasminogen and free plasmin, preventing the fibrinolytic enzymes from binding to the lysine residues present in the fibrinogen molecule. Some studies have shown that EACA also inhibits plasmin-induced activation of plasminogen pro-urokinase and prevents the degradation of glycoprotein Ib receptors, thereby preserving platelet function. 5, 15 Some studies have reported that patients with malignant cancer are more likely to develop thrombosis due to risk factors such as the production of pro-coagulant cancer cells, tissue factor, anti-angiogenic therapies, increased pre-chemotherapy platelet counts, agents erythropoiesis stimulants, D-dimer increase, advanced stage of disease and the location of the tumor (pancreas, stomach, gynecological, bladder, brain, hematologic and lung). 16---19 Although surgical and oncological patients present a high risk for thromboembolic complications in the perioperative period, with an incidence of 5%---10%, 20,21 the risk of thrombosis was not a significant clinical problem in this population. 22, 23 People with cancer are likely to bleed due to various conditions specific to the disease itself. The angiogenesis and neovascularization may be pronounced particularly in tumors with widespread dissemination and bulky as in advanced ovarian cancer. 24, 25 There may also be bleeding secondary to the loss of hemostatic factors in the extravascular space, to hypoproteinemia, to the reduction of coagulation factors, to platelet dysfunction or to increased fibrinolysis. 26 Studies have reported associations between ovarian cancer and hyperfibrinolysis as a result of elevated levels of D-dimer and other fibrin degradation products and reduction of antithrombin III. These changes in coagulation appear to be more pronounced in people with an advanced stage of disease. 27, 28 It is essential to document the safety of the antifibrinolytic agent because it blocks the breakage of fibrin by preventing the binding of the plasminogen-plasmin tissue activator complex, thus facilitating the formation of the clot. 29 This mechanism raised concerns about the potential to increase thromboembolic events in a population that has procoagulant factors.
Although the efficacy of the administration of antifibrinolytics in the perioperative period of several surgeries is already well documented in the literature, there are few studies that have evaluated the use of these drugs in cancer surgery and the risk of complications such as thromboembolism. Thus, we set out to research in this systematic review the safety and benefit of antifibrinolytics in this population.
Methods
This systematic review and meta-analysis study was performed according to the methods listed on the Cochrane Handbook for Systematic Reviews of Interventions. 30
Eligibility criteria
Randomized clinical trials evaluating the use of antifibrinolytics (TXA or EACA) in patients of both sexes and aged ≥18 years submitted to oncologic surgery, with the main criterion being the analysis of thromboembolic events. Oncologic surgery is defined as a surgical procedure in a patient with neoplasm in any organ that has surgery as a treatment, whether for healing or non-healing purposes.
Studies that included another method in addition to intravenous antifibrinolytic therapy were eligible for screening if that other method was used in the active and control groups.
Studies that have evaluated the efficacy and/or safety of antifibrinolytic using the following parameters:
Venous thromboembolism recorded by an objective test (ultrasonography, fibrinogen absorption or venography for deep venous thrombosis, pulmonary ventilation perfusion scan, pulmonary angiography, or spiral computed tomography of pulmonary embolism), or arterial thrombosis (myocardial infarction, vascular or limb ischemia).
Estimated total volume of blood loss (mL).
Need for blood transfusion.
Types of result measures

Primary results
Incidence of arterial thromboembolic events (e.g. arterial thrombosis, myocardial infarction, stroke). Incidence of venous thromboembolic events (e.g. venous thrombosis, pulmonary embolism).
Secondary results
Estimated blood loss.
Search strategy
A research was conducted in PubMed, OVID, MEDLINE, EMBASE, EBSCO and in the Cochrane Central Register of Controlled Trial (CENTRAL).
The following keywords were used: ''neoplasms'' OR ''surgical oncology'' AND ''antifibrinolytic agents'' OR ''antifibrinolytic agents'' AND ''clinical trial'' OR ''clinical trials as topic'' OR ''clinical trial'' AND ''humans'' AND Clinical Trial. The research started from the first recoverable date of each database from August 2, 2017 until October 31, 2018. Articles written in all languages were searched.
Data collection and assessment
Selection of studies Before examining the trials selected for possible inclusion, a data collection form was developed. All titles and abstracts retrieved by electronic search for a management database (EndNote) were downloaded and duplicated studies were removed. Three reviewers (A.M.S., G.M.N.G. and J.C.R.N.) separately examined the remaining references and assessed the eligibility of the selected publications. Researches that clearly did not meet the eligibility criteria were excluded. The risk of bias was assessed according to the Oxford Center for Evidence-Based Medicine. Full copies of potentially relevant texts were obtained. We assessed clinical trials, Meta-analyzes, case reports, cohort and reviews. Of these, clinical trials with a satisfactory level of evidence were selected. Any disagreement was solved through discussion or, when necessary, a fourth reviewer was consulted. We recorded the selection process with sufficient detail to design a flow chart and ''Characteristics of excluded studies''.
Extraction and data management
Two reviewers (A.M.S. and J.C.R.N.) separately analyzed the characteristics, and the data results of the studies listed in a pre-piloted data collection form as well as the details of the experimental method, and the characteristics of both participants and interventions. Any disagreement was solved through discussion or, when necessary, a third party. The data was transferred to the Review Manager (RevMan) (Computer program; Version 5.3). Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014. The reviewers again analyzed whether the data were entered correctly by comparing the data presented in the systematic review with the study reports. A third reviewer (G.M.N.G.) verified the accuracy characteristics in the study following the test report. The authors of the selected trials were not contacted to confirm the accuracy of the extracted data and/or to provide any missing information or clarification. When more than one active treatment group was compared to a single control group (e.g. variable dose studies), the experimental groups were combined and then compared collectively with the control group.
Statistical analysis
The statistical of the collected data was performed using the program RevMan 5.3. The null hypothesis was discarded when the p-value was less than 0.05. For dichotomous results were calculated the Mantel---Haenzel Odds Ratios (OR) with 95% confidence intervals (CI). Continuous results data were expressed as the mean difference (MD).
The results for heterogeneity (I 2 ) were tested and considered significant when I 2 > 50% for a value of p < 0.05, according to the methods developed by DerSimonian and Laird. 31 The fixed effects model was used when there was no evidence of heterogeneity among the studies; if there was any evidence of heterogeneity, the random effect model was used for meta-analysis. 95% OR and CI were calculated for each assay presented as forest plots. When possible, the assessment was done separately for each group by calculating 95% of OR and CI for each comparison. We evaluated the heterogeneity among the studies using the I 2 statistic. Publication bias was assessed using the funnel plot.
Results
Trials included
In the initial bibliographic survey, 230 publications were identified. After sorting the titles, abstracts and detailed evaluation, 5 randomized clinical trials (RCTs) where selected to be included in the quantitative synthesis, as detailed in the tracking algorithm (Fig. 1 ). The 5 trials included 5, 9, 25, 32, 33 in our study with 838 patients were published between 2006 and 2016 and all used a placebo as a comparator (Table 1) . 
Quality evaluation
Five articles directly comparing intraoperative and postoperative period, thromboembolic events, blood loss and the need for blood transfusion with and without administration of TXA or EACA in patients undergoing oncologic surgeries were included in this meta-analysis. No articles with aprotinin were found. The sample size of these studies ranged from 100 to 219. TXA was present in all studies, but the EACA was only in one. The five trials reported both an adequate sequence generation and an allocation concealment. The amount of risk was assessed in relation to a number of factors, including random sequence generation, allocation concealment, blinding, selective reporting and other possible biases as well as to GRADE the quality of the evidence. 34 See study Table 2 .
The results for the publication bias were evaluated and shown in Figs. 2 and 3 . The study by Amar et al. 35 was excluded because the researchers did not investigate thromboembolic complications between the groups, according to the characteristics of the excluded studies.
Effects of intervention
Thromboembolic events
There was no evidence of difference in relation the incidence of thromboembolic events with tranexamic acid administration when compared to placebo (OR = 0.36, 95% CI: 0.11---1.19, p = 0.09, I 2 = 0%) ( Fig. 4 ). 
Estimated total blood loss
Tranexamic acid vs. placebo
The use of tranexamic acid was associated to a significant reduction in total perioperative blood loss when compared to placebo (MD = −135.79, 95% CI: −179.50 to −92.08, p < 0.00001). The heterogeneity of (I 2 = 68%) was statistically significant (p = 0.01) ( Fig. 5 ).
Need for blood transfusion
Tranexamic acid vs. placebo The use of tranexamic acid was associated with significant reduction of the need for blood transfusion when compared to placebo (OR = 0.45, 95% IC: 0.32---0.65, p < 0.00001, I 2 = 60%) ( Fig. 6 ).
Discussion
This study investigated the administration of antifibrinolytics in oncologic surgeries in five RCTs, with 838 patients, and the association of these drugs in the reduction of blood loss, blood transfusion and thromboembolic events. However, there was a need for a meta-analysis to provide scientific evidence related to this type of surgery. There is a study in which the authors approached only gynecologic oncological surgeries, reinforcing the need for further studies on this topic. 36 This meta-analysis did not find statistical significance in the incidence of thromboembolic events (OR = 0.36, 95% CI: 0.11---1.19), when TXA was compared with the placebo in the 5 RCTs. Similarly, Zaid et al. 7 did not show an increased risk of thromboembolic complications in a cohort of 200 patients who underwent radical prostatectomy using TXA and a 6 month follow-up. Gupta et al. 37 also did not find an increased risk of thromboembolic complications with the prophylactic administration of intraoperative TXA in radical surgery.
In this review, there was significant reduction in blood loss (MD: −135.79, 95% CI: −179.50 to −92.08) and in the need for blood transfusion (OR = 0.45, 95% IC: 0.32---0.65), in patients who received TXA when compared to those receiving placebo. In accordance with our results, Wu et al. 32 reported in a randomized clinical trial with 214 patients that in resections of liver tumors, perioperative blood loss as well as need for blood transfusion were significantly reduced in the TXA group when compared with placebo.
In a recent meta-analysis, similarly to our findings, the authors argued that the administration of antifibrinolytics was not associated with increased risk of venous thromboembolism, and that they were effective in reducing blood loss and the need for transfusion. 38 Kietpeerakool et al. 16 corroborating with this review, evidenced in the meta-analysis, evaluating patients with advanced ovarian cancer submitted to cytoreductive surgery, that the TXA was associated with a significant reduction of blood loss. But, on the other hand, disagreeing this study, these authors evidenced no significant difference in the need for blood transfusion between the groups. Additionally, in a randomized controlled trial, the authors did not observe a significant difference in blood 
Figure 6
Forest plot of comparison: 3 analysis of the comparison of tranexamic acid versus placebo in the need for blood transfusion.
loss during orthopedic surgeries in cancer patients receiving antifibrinolytics. 35 Despite the inclusion of only randomized clinical trials to increase the quality of this analysis, there are some limitations such as the small number of samples, significant amount of heterogeneity among several of the results, variations in the population under study, type of surgery performed, methodology and different doses among the different studies may explain the heterogeneity. Moreover, the analysis of bleeding and thromboembolic events varied in the researches, which may interfere with the result. In addition, thromboembolism was only investigated if there had been any clinical evidence, and which may have underestimated the frequency of this complication. Thus, the data need to be evaluated with caution, since these parameters usually require larger studies. More randomized clinical trials are needed to further confirm the results of this metaanalysis.
This meta-analysis found no evidence that the administration of antifibrinolytics in patients undergoing oncologic surgery increases the risk of thromboembolic complications but suggests that it is effective in reducing total perioperative blood loss and the need for blood transfusion.
